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Abstract 
Bacterial leaf blight disease caused  by Xanthomonas axonopodis pv allii is an important disease in shallots. The research 
purpose was to study the activity of peroxidase enzyme in shallots which was introduced by the rhizobacteria isolates and was 
able to induce resistance to  Xaa. The research was conducted by introducing eight isolates of rhizobacteria bacteria in shallots. 
The results showed that introduced rhizobacteria could increase the activity of peroxidase enzymes, and the isolate PK2Rp3 
(Serratia marcescens strain N2.4) was the highest activity in both roots and leaves of 0.058 μm · mL–1 and 0.053 μm · mL–1.  
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1. Introduction 
Bacterial leaf blight disease (BLBD) caused by Xanthomonas axonopodis pv. allii (Xaa) is an important disease 
that can affect various types of onions1. Xaa induces symptoms that consist of lenticular water-soaked leaf spots, 
which turn into dry chlorotic lesions and eventually coalesce. When the disease is severe, leaf dieback can occur, 
resulting in a reduction of bulb size. Therefore, crop yields could drastically decrease, and yield losses ranging from 
10 % to 50 % have been reported in diseased fields in Colorado and California2. Damage caused by the symptoms of 
the disease can reduce yield and tuber quality (up to 100 %) when the environmental conditions favor temperatures 
and high rainfall3. 
Xaa has many hosts, not only from species Alliium spp. L. such as onion (Alliium cepa L.), garlic (Alliium 
sativum L.), welsh onion (Alliium fistulosum L.) shallot (Alliium cepa L. var ascolonicum ), but it also attacks 
legumes such as beans (Phaseolus vulgaris. L), soybeans (Glycine max L.), lima beans (Phaseolus lunatus L.) and 
Pisum sativum L.3. Pathogens spread of through irrigation water, agriculture equipment, crop residue, as well as 
contaminated seeds, including seed-borne pathogens (seed-borne)1. 
This pathogen is very difficult to control, most control is done using pesticides. The use of pesticides should be 
minimized because of the dangers for humans and environment. Biological control is thus being considered as an 
alternative or supplemental way of reducing the use of chemicals in agriculture4,5. 
PGPR are root-colonizing bacteria with beneficial effects including plant growth promotion and biological 
disease control. Some of these rhizobacteria are beneficial to the plant in direct or indirect way, resulting in 
protection of plants against pathogens and stimulation of plant growth. PGPR have the ability to induce systemic 
resistance in plant which provides protection against a broad spectrum of plant pathogens and is referred to as 
Induce Systemic Resistance (ISR). ISR pathway is induced when plants are challenged by pathogenic organisms6, 
reducing the severity of disease7, induced plant resistance8, resulting in anti-herbivory compounds9, beneficial to 
absorption of nitrogen10 and increase the absorption of minerals for the plant11. The elevated resistance due to an 
inducing agent upon infection of pathogen, ISR is expressed upon subsequent or challenged inoculation with 
pathogen12–14.  
Significant control of plant pathogens has been demonstrated by PGPR in laboratory and greenhouse studies15, 
such as fluorescent pseudomonads against Ralstonia solanacearum. All three strains suppressed wilt of tomato and 
increased yield16. P. fluorescens against Xanthomonas oryzae pv. oryzae, showed resistance to the rice bacterial 
blight pathogen17. Azospirillium brasilense against P. syringae pv. tomato, prevented bacterial speck disease 
development and improved tomato growth18. Serratia J2, Pseudomonas, Bacillus BB11 against Ralstonia 
solanacearum suppressed wilt of tomato and increase yield19. B. cereus, B. lentimorbus, B. pumilus against 
Xanthomonas campestris pv. campestris. Incidence and severity of black rot of cabbage were reduced when 
antagonists were applied20. Pantoea agglomerans, Enterobacter cloacae, Stenotrophomonas sp., Serratia 
marcescens, five Bacillus thuringiensis strains, Bacillus cereus, Bacillus weihenstephanensis and Bacillus sp. 
suppressed xanthomonas leaf blight by Xanthomonas axonopodis pv. allii on onion21.rhizobacteria isolates have 
found, which have the ability to induce systemic resistance of soybean against Xanthomonas axonopodis pv. 
glycines. These isolates identified as Bacillus sp., Bacillus thuringiensis serovar toumanoffi and Bacillus 
thuringiensis strain TS222. 
Structurally constitutive plant defense includes barrier, such as cell wall, as well as inhibiting compounds such as 
phenolic compounds23. Peroxidase enzymes act as catalysts in monolignol polymerase that build plant cell walls17. 
Infiltration of lignin in the cell wall can increase the mechanical strength of plant cells against penetration of 
pathogens24. Peroxidase is an enzyme that plays a role in the resistance of plants including hypersensitivity 
reactions, the process of lignification, synthesis of phenol, glycoproteins, suberization and production of 
phytoalexin25,26. The purpose of this research was to study the activity of peroxidase enzyme in shallots crop which  
is introduced by the rhizobacteria bacterial isolates and are able to induce resistance to  Xanthomonas axonopodis pv 
allii. 
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2. Material and methods 
2.1. Plant material 
Bulbs of shallot  (cv Singkil Medan) were obtained from Alahan Panjang District, Solok,  West Sumatera, 
Indonesia. Plants were grown and maintained in the greenhouse of the Faculty of Agriculture, University Andalas 
Padang. The research was conducted from March until October 2012. 
2.2. Rhizobacteria isolates 
Seven rhizobacteria isolates used in this study are the best isolates that can induce resistance to bacterial leaf 
blight disease (Xaa). Isolates were isolated from healthy roots of shallots from Solok districts in West Sumatra. 
Rhizobacteria isolates used were STP1Rp1 (Bacillus sp. QC-13), LL1Rp1 (Bacillus cereus strain Y2), STP1Rp2 
(Bacillus thuringiensis strain DAB-Bt6), RD2Rp2 (Bacillus weihenstephanensis strain P2-14), LL1Rp2 (Bacillus 
thuringiensis strain HD29), ULG2Rp4 (Stenotrophomonas sp. YRL06) and PK2Rp3 (Serratia marcescens strain 
N2.4). 
2.3. Introduction of rhizobacteria bacteria  
Bulbs of onion cultivar Singkil were cut in three parts from the top and soaked with rhizobacteria bacterial 
suspension (108 cells · mL–1) for 15 min to ensure that the suspension of bacteria uniform coating on surface is 
under aseptic condition. The bulbs soaked in sterilized distilled water were treated as control. The bulbs were 
directly planted in a sterile growth medium  (soil and manure ratio 3 : 1), without synthetic fertilizer application, and 
watered with tap water routinely until harvested. 
2.4. Pathogen inoculation 
Pathogen was inoculated in 14-day-old  plants, by leaves injuries method with a sterile needle. The suspension of 
bacteria Xaa (106 cells · mL–1) was  applied to the tip of the leaf  that was already injured with a sterile needle. The 
plants were incubated with transparent plastic, observed each day until water soaking symptoms appear. Root and 
leaves were harvested 0 d, 1 d, 3 d, 5 d, 7 d, 9 d, 11 d, 13 d, 15 d, 17 d, 21 d and 30 d after pathogen inoculation. 
2.5. Peroxidase activity assay 
One gram of leaf and root was macerated, subsequently 2.5 mL of 0.5 % potassium phosphate buffer pH 7 and 
0.1 g PVP (Polyvinyl pyrrplidone) were added. The suspension was homogenized and filtered with two layers of 
gauze pads, centrifuged at 6 000 rpm (60 rpm = 1 hertz) speed for 15 min at 4 °C. The supernatant was used for the 
measurement of peroxidase activity. Measurement of peroxidase activity was performed based on the method by 
Bateman27. Extraction of the enzyme as much as 0.2 mL included in cuvette which contained 5 mL pirogalol (0.631 
g pirogalol in 0.005 M phosphate buffer pH 6, final volume 100 mL) and then shaken. Cuvette was placed in the 
spectrophotometer set to needle showed the same absorbance at a wavelength of 420 nm. 0.5 mL of 1 % H2O2 was 
subsequently added into the cuvette, then shaken and immediately placed in a spectrophotometer. Absorbance 
changes were observed every 5 s, until no more changes occurred. Peroxidase activity is expressed in μg · mL–1. 
3. Results and discussion 
Peroxidase activity in roots and leaves of shallots was analyzed after being introduced by the rhizobacteria and 
inoculated with pathogenic bacteria (Xaa). Peroxidase activity increased from 0 dpi (days post inoculation) to 10 dpi 
compared to controls. The activity of peroxidase in the roots (Fig. 1) is higher than in the leaves (Fig 2). Isolates 
PK2RP3 is rhizobacteria isolate  with the highest peroxidase activity at 15 dpi (0.058 μg · mL–1) in the roots and 
0.053 μg ·  mL–1 in the leaves. 
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When plants are invaded by pathogen or damaged by mechanical injuries, major physiologic changes are 
induced, and plant-defense enzymes are generally activated. Peroxidase is one of the enzymes involved in the plant 
defense process. Establishment of defense due to enzyme activity is determined by the sensitivity of plants against 
the diseases. Structurally constitutive plant defense includes a barrier, such as cell wall, as well as inhibiting 
compounds such as phenolic compounds23. Peroxidase is an enzyme that plays a role in the resistance of plants 
including hypersensitivity reactions, the process of lignification, synthesis of phenol, glycoproteins, suberization and 
production of  phytoalexine25,26. 
Increased activity of  the peroxidase in shallots that was introduced by rhizobacteria is one indicator of induced 
resistance to pathogens. Peroxidase activity was higher in the introduced plants with rhizobacteria than the control. 
The highest increase occurring in the introduced plants with rhizobacteria isolate PK2Rp3 was 0.058 μg · mL–1, 
followed by isolate LL1Rp1 was 0.048 μg · mL–1, isolate LL1Rp2 and STP1Rp2 was 0.047 μg · mL–1, isolate 
RD2Rp2, STP1Rp1 and ULGRp4 was 0.046 μg · mL–1, and control was 0.029 μg · mL–1 (Fig. 1). This suggests that 
the introduction of shallot bulbs with rhizobacteria Bacillus, Stenotrophomonas and Serratia marcescens could 
increase plant resistance to disease of bacterial leaf blight. Isolate of PK2Rp3 had the highest peroxidase activity in 
both roots and leaves (0.058 μg · mL–1). The isolate was Serratia marcescens which is a group of rhizobacteria and 
is able to induce plant resistance to pathogens. Serratia marcescens is known as rhizobacteria isolated from onion28 
and can induce resistance in Arabidopsis plants against Cucumber Mosaic Virus29. Serratia marcesscens 90-166 
which reduces Cucumber Mosaic Virus  on tomato and cucumber30, also reduces anthracnose and Fusarium wilt in 
cucumber31. Bacterization of betelvine cut with Serratia marcescens NBRI1213 induces phenylalanine ammonia-
lyase, peroxidase, and polyphenoloxidase activities in  leaf and root32. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Activity of peroxidase enzyme on shallots roots  that was introduced by rhizobacteria and inoculated with 
Xanthomona axonopodis pv allii 
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Peroxidase activity is associated with the mechanism of lignification in the cell walls of plants and the 
production of phenolic compounds. Strong cell wall would block the entry of pathogens during infection. According 
to Silva et al.33, peroxidase activity could inhibit pathogenic infection due to lignification that inhibits the pathogen 
entry. Introduction of Pseudomonas fluorescens strain CHAO in tomato could suppress Fusarium oxysporum f. sp. 
lycopersici and increased the activity of the enzyme peroxidase34. Accumulation of peroxidase enzyme, polyphenol 
oxidase, and phenylslsnine anonia-lyase in roots of banana which was resistant to Fusarium oxysporum f. sp. 
cubense and introduced by Pseudomonas fluorescens showed induced resistance on banana35. Peroxidase enzyme 
activity was significantly increased in the treated cucumber plants with Bacillus substilis B57936. 
 
 
 
  
 
   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Activity of peroxidase enzyme on shallot leaves that was introduced  by rhizobacteria and inoculated with 
Xanthomonas axonopodis pv allii   
  
Peroxidase activity was increased even in the presence of pathogen alone (control)  until 6 dpsi, and then 
continuously decreased until 30 dpi due to the reaction of plants against pathogen infection, which left injuries after 
pathogen inoculation. According to Van Loon et al37 peroxidase enzyme was the group of PR-protein (pathogenesis 
Related-protein) of the class of PR-9 accumulated at the plant during infection of pathogen. In addition to an 
increase in peroxidase enzyme activity it was influenced by the presence of pathogen. Peroxidase activity as a 
marker of the induced resistance was localized and systemic38. 
 
4. Conclusion 
Results showed that introduction of rhizobacteria could increase activity of peroxidase enzymes, and isolate 
PK2Rp3 (Serratia marcescens strain N2.4) was the highest activity in both roots and leaves of 0.058 μg · mL–1 and 
0.053 μg · mL–1.  
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